Hypertension and diabetes mellitus are commonly associated. Hypertension contributes substantially to morbidity and mortality in the diabetic population. This report was prepared as a practical guide for the management of hypertension in diabetic patients. Although treatment of hypertension in most diabetic patients does not differ from that in nondiabetic patients, this report outlines some special considerations relevant to the presence of both diseases. For both hypertension and diabetes, basic nonpharmacologic therapy consists of dietary alterations, exercise, weight management, smoking cessation, and restricted alcohol intake. These measures should be instituted as initial therapy or concomitant with pharmacologic measures. The stepped-care approach to drug treatment in essential hypertension serves as a guide to therapy. Flexibility in the use of antihypertensive drugs is suggested, and selected practical issues in drug treatment are reviewed. Diabetes Care 10: 1987 
D
iabetes mellitus and hypertension are common chronic conditions that frequently coexist. Hypertension is approximately twice as common in individuals with diabetes as in those without it. The prevalence of hypertension increases with age and is relatively greater in individuals with insulin-dependent diabetes (IDDM) than in those with non-insulin-dependent diabetes (NIDDM) after adjustment for age (1). As in the general population, hypertension occurs more frequently in diabetic men than in diabetic women <50 yr in age and more frequently in women than men >50 yr in age. Diabetes and hypertension each occur more frequently in Blacks than in Whites, and the prevalence of the coexistent conditions is almost twice as great among Black populations as among White populations. Both conditions are more common among the socioeconomically disadvantaged.
Hypertension contributes to the leading causes of morbidity and mortality in the diabetic population, i.e., coronary heart disease, stroke, peripheral vascular disease, lower extremity amputations, and end-stage renal disease. It may also contribute to diabetic retinopathy, which is now the leading cause of newly diagnosed blindness in the United States.
Essential hypertension accounts for the majority of cases of hypertension in the diabetic population. Diabetic nephropathy, which occurs in one out of three individuals with IDDM and in one out of five individuals with NIDDM after 15 yr of diabetes, is an important cause of hypertension. Other causes of hypertension are similar to those in the general population (1).
Control of hypertension in the U.S. population has improved in the past 20 yr. There is evidence that the rates of treatment and control of hypertension in the diabetic population are better than in the general population, perhaps due to increased contact with the health-care system. Nonetheless, it is estimated that only half of the people with diabetes and hypertension have their hypertension controlled.
These guidelines expand on the recommendations contained in the 1984 Report of the Joint National Committee on Detection, Evaluation, and Treatment of High Blood Pressure regarding hypertension and diabetes mellitus (2) . Therapy concerning these coexisting conditions is controversial. The aim of this report is to identify instances where problems could arise and clarify questions in treatment where there have been undue concerns. This report provides practical approaches to management of hypertension and diabetes mellitus and long-term maintenance of control. Several types of hypertension occur in patients with diabetes mellitus. Potentially surgically curable hypertension includes a number of uncommon problems. Essential hypertension is most prevalent and occurs primarily in patients with NIDDM but can also occur in IDDM. Hypertension associated with diabetic nephropathy is a form of renal hypertension with sodium and fluid retention, increased peripheral vascular resistance, and increased cardiac output, especially if anemia is present. Isolated systolic hypertension, although most prevalent in older diabetic individuals, may occur at any age. Supine hypertension with orthostatic hy- potension may occur in patients with autonomic neuropathy and is the most difficult blood pressure problem to treat in diabetic patients.
The diagnosis of hypertension in adults is confirmed when the average of two or more diastolic measurements on at least two visits is ^90 mmHg or when the average of multiple systolic measurements on two or more visits is consistently >140 mmHg (Table 1) . Patients should be clearly informed that a single elevated reading does not constitute a diagnosis of hypertension but is a sign that further observation is required.
GUIDE TO CLINICAL EVALUATION
Evaluation of patients with both confirmed hypertension and diabetes mellitus should answer the following questions. Is the patient taking any drug known to alter blood pressure or blood glucose? Does the patient have a surgically curable form of hypertension? Is target organ involvement present (e.g., heart, kidney, brain, or eyes)? Are cardiovascular risk factors other than hypertension and diabetes present?
A careful history of all prescribed and over-the-counter medications should be obtained from each patient. Several medications may raise blood pressure and thus interfere with the effectiveness of antihypertensive drugs. These include but are not limited to oral contraceptives, glucocorticoids, nonsteroidal anti-inflammatory agents, nasal decongestants, appetite suppressants, and tricyclic antidepressants (2) . Blood glucose may also be affected by drugs, particularly glucocorticoids.
Surgically curable hypertension (e.g., renovascular disease, coarctation of the aorta, primary aldosteronism, Cushing's syndrome, or pheochromocytoma) is rare; nevertheless, evaluation should seek to eliminate this possibility. When indicated, additional diagnostic procedures may be needed to discover a surgically curable form of hypertension in patients 1) with accelerated or malignant hypertension; 2) in whom age, history, physical examination, severity of hypertension, or initial laboratory findings (e.g., low serum potassium) suggest secondary hypertension; 3) whose blood pressure is responding poorly to drug therapy; or 4) with previously well-controlled hypertension whose blood pressure begins to increase.
A medical history should include family history of hypertension, diabetes, and cardiovascular disease; patient history of cardiovascular, cerebrovascular, and renal disease and retinopathy; known duration and levels of elevated blood pressure and blood glucose; results and side effects of previous antihypertensive and hypoglycemic therapy; use of drugs that may influence blood pressure and diabetes; history of weight gain or loss, proteinuria, obesity, sodium intake, type of diet, exercise habits, and alcohol use; symptoms suggesting secondary hypertension; psychosocial and environmental factors (e.g., emotional stress, cultural food practices, and economic status) that may influence blood pressure or blood glucose control; other cardiovascular risk factors including obesity, smoking, and hyperlipidemia; and date of last eye examination.
Physical examination. Because blood pressure may rise in response to physical exertion or emotional stress and because some diabetic patients' blood pressure falls when standing, measurement of blood pressure in the supine, seated, and standing positions after patients have had time to relax is recommended.
Physical examination should include two or more blood pressure determinations including measurements in the seated or supine and standing positions [a large cuff (15 X 33 cm) should be used to measure the pressure of obese patients]; verification in the contralateral arm; height and weight; funduscopic examination for signs of hypertensive and diabetic retinopathy; examination of the neck for carotid bruits, distended veins, and enlarged thyroid; examination of the heart for increased rate, size, precordial heave, murmurs, arrhythmias, and S 3 and S 4 heart sounds; examination of the abdomen for bruits, enlarged kidneys, dilation of the aorta, and bladder enlargement; examination of the extremities for diminished or absent peripheral arterial pulsations and edema; and neurological assessment, especially for signs of neuropathy. A periodic eye examination is recommended even in the asymptomatic patient, because recognition of treatable diabetic retinal disease is important in preventing blindness (3) (4) (5) (6) .
Physical findings that are suggestive of secondary hypertension include abdominal or flank masses (polycystic kidneys); abdominal bruits, particularly those that lateralize or have a diastolic component (renovascular disease); delayed or absent femoral arterial pulses (aortic coarctation); truncal obesity with purple striae (Cushing's syndrome); and tachycardia, paroxysmal headache, sweating, and pallor (pheochromocytoma).
Laboratory tests. A few simple laboratory tests should be performed before initiating therapy. Group 1 tests are needed to determine the status of the diabetes, severity of vascular disease, and possible causes of hypertension. Group 2 tests relate to other cardiovascular risk factors or provide baseline values. Group 1 tests are hemoglobin or hematocrit, complete urinalysis, serum potassium and creatinine, blood glucose, and glycosylated hemoglobin (HbA lc ). Group 2 tests are total and high-density lipoprotein cholesterol (HDL-chol),* fasting plasma triglycerides, * and electrocardiogram.
Opinions differ regarding costs, risks, and specificity of some diagnostic procedures. An automated battery of blood chemistry tests is often used. Based on clinical symptoms, physicians may select additional tests, including thyroidfunction studies. Type and frequency of repeated laboratory tests should be based on the severity of target-organ damage and the effects of the selected treatment program.
SPECIAL CONSIDERATIONS IN DIABETIC PATIENTS WITH HYPERTENSION
Although many patients with both diabetes and hypertension may not initially have vascular and other complications, they are at a greater risk for developing them, particularly with advancing age and duration of diabetes. Clinicians need to be aware of these considerations in the management of their diabetic patients with hypertension, although the therapy for hypertension does not differ significantly in the presence of diabetes.
Kidney disease. Diabetic nephropathy, as indicated by constant proteinuria, occurs in 10% of diabetic patients. Microalbuminuria may be present long before constant proteinuria. The prevalence of renal disease increases with duration of diabetes and accounts for one-fourth of all new cases of end-stage renal disease (1). Intrarenal hypertension may initiate and advance diabetic and other glomerulopathies (7) . Although hypertension is not a necessary precursor of renal disease, the majority of patients who progress through renal insufficiency to renal failure ultimately develop hypertension, which can clearly exacerbate this progression (8) .
Several studies suggest that maintenance of arterial blood pressure at near-normal levels reduces albuminuria and the * Lipid abnormalities represent another potent risk factor for cardiovascular disease. The reader may wish to consult Hoeg JM, Gregg RE, Brewer HB: An approach to the management of hyperlipidemia. JAMA 255:512- 21, 1986 . Note that plasma triglycerides may often be elevated in patients with uncontrolled diabetes. Therefore, it is suggested that triglycerides be checked after the diabetes control is optimized, and if elevated, treatment should be considered. rate of decline in glomerular filtration rate (9, 10) . These observations have important therapeutic implications for blood pressure control in diabetic patients.
Diabetic retinopathy. A positive correlation exists between the presence of hypertension and retinopathy in patients with diabetes. It has been suggested but not yet firmly established that hypertension, particularly systolic elevations, contribute to the development of diabetic retinopathy (11, 12) . The effects of antihypertensive medications on retinopathy in diabetic patients are beginning to be investigated, but assertions regarding possible effects can only be considered speculative.
Cerebrovascular disease. Hypertension is a major risk factor for cerebral infarction. Stroke occurs two to six times more frequently in diabetic subjects compared with nondiabetic subjects. In diabetic subjects, stroke occurs twice as often in those who are hypertensive as in those who are normotensive (13) . However, the mechanisms by which stroke incidence increases in hypertensive diabetic patients are not known.
Although clinical trial-intervention data on hypertensive diabetic patients are scarce, it would seem prudent to control blood pressure, glucose, and elevated lipids aggressively, because the rate of atherothrombotic brain infarction is reported to be twice as high among individuals with blood glucose levels >160 mg/dl as among subjects with lower glucose values (13) . However, hypoglycemia is to be avoided.
Cardiac disease. Patients who have both hypertension and diabetes are at substantially increased risk for developing coronary artery disease due to independent contributions of the two diseases. Untreated hypertension is also one of the foremost causes of left ventricular hypertrophy with subsequent congestive heart failure. In addition to contributing to coronary artery disease, diabetes also predisposes to microangiopathy, impaired left ventricular function, compromised tissue perfusion and oxygenation possibly due to platelet and coagulation abnormalities, increased blood viscosity, and reduced erythrocyte deformity (14) .
Renovascular disease (renal artery stenosis).
People with diabetes develop more atherosclerosis and at an earlier age than do those without diabetes. Atherosclerotic plaques can cause narrowing of one or both renal arteries, resulting in renovascular hypertension. Surprisingly, the occurrence of atherosclerotic renal artery stenosis of physiologic consequence has not been found to be significantly different in hypertensive diabetic patients compared with hypertensive nondiabetic patients (4) .
Obesity. Obesity, defined as 20% above desirable weight, affects 34 million American adults (15) and is more common in diabetic and hypertensive individuals than in the general population. Diabetes is at least twice as prevalent among obese adults as among lean adults. Approximately 80% of adults with NIDDM are obese, and excess weight contributes significantly to the emergence of diabetes in genetically susceptible individuals.
Hypertension is twice as prevalent in obese individuals as in nonobese individuals. Weight gain is a potent risk factor for subsequent development of hypertension. Furthermore, hypertension is much more common in populations that become more obese with increasing age than in primitive populations that maintain lean weights throughout life (16).
Potassium problems. Both thiazide and loop diuretics, especially in large doses, frequently cause hypokalemia. Insulin release can be blunted in the presence of hypokalemia, but whether hyperglycemia is predominantly due to insulin deficiency or insulin resistance remains unknown (17) . Reversal of hyperglycemia induced by these diuretics may usually be achieved by adding supplemental potassium or with a potassium-sparing diuretic. The use of foods rich in potassium is encouraged.
Diabetic nephropathy may be complicated by hyporeninemic hypoaldosteronism. Both renal disease and hypoaldosteronism can impair potassium excretion, resulting in hyperkalemia. As a general rule, potassium supplements and potassium-sparing diuretics should not be used in patients with nephropathy. Furthermore, P-adrenergic blocking agents that decrease renin secretion and angiotensin-converting enzyme (ACE) inhibitors that reduce angiotension II availability for aldosterone stimulation should be used with caution, with serum potassium levels monitored for hyperkalemia.
Impotence. Estimates of partial or complete sexual impotence range between 20 and 50% of male patients with diabetes. Many antihypertensive agents cause impotence (Table 2) . It is important to question diabetic patients about their sexual function before and after initiating therapy with antihypertensive drugs. Because impotence may lead to nonadherence to antihypertensive drug treatment, drugs that frequently do not cause this complication, e.g., a-adrenergic blockers, calcium-channel blockers, ACE inhibitors, and other vasodilators, can generally be substituted effectively to control hypertension (4) .
Peripheral vascular disease. Peripheral vascular disease is 30 times more common in diabetic patients than in nondiabetic patients. Risk factors include age, duration of diabetes, increased plasma lipids and lipoproteins, smoking, race, and obesity. The Framingham Study (18) found hypertension to be a risk factor for the appearance of intermittent claudication in diabetic individuals, but blood pressure had little effect on peripheral vascular disease in other studies. However, peripheral vascular disease, when combined with neuropathic changes, can result in ulcerations, infections, and gangrene that leads to amputation.
Pregnancy. Hypertension develops two to four times more frequently in pregnant women who are diabetic than in pregnant women who are not diabetic. The development of hypertension or worsening of preexisting chronic hypertension jeopardizes pregnancy; therefore, such patients should be monitored carefully and frequently with an aggressive approach to maintenance of both normal blood pressure and glucose levels. The selection of appropriate specific antihypertensive therapy should be guided by a combination of the recommendations concerning each independent condition (i.e., diabetes and pregnancy) (19, 20) . These high-risk pregnancies should be referred to appropriate specialists for care. receptors. The reflex increase of vascular resistance and heart rate serves to offset gravitational pooling of blood in the lower part of the body and results in unchanged mean arterial pressure. A fall in the standing diastolic blood pressure (>10 mmHg) is observed in ~12% of patients with diabetes and is more frequent in the elderly and those with long-standing and more severe forms of diabetes. Also, it may occur in the seated position and can be quite disabling. Orthostatic hypotension in patients with autonomic dysfunction is frequently associated with supine hypertension.
Efferent autonomic neuropathy involving cardiovascular parasympathetic and sympathetic fibers, inadequate renal renin release, decreased sensitivity and baroreceptors that are encased in arteriosclerotic aorta and carotids, decreased blood volume, and altered vascular end-organ sensitivity are examples of numerous mechanisms that alone or in combination contribute to orthostatic hypotension.
It is customary to classify patients with diabetes and orthostatic hypotension as those showing signs of neuropathy or those who have exaggerated sympathetic function in the upright posture. A presumption of autonomic neuropathy is characterized by abnormal Valsalva and isometric handgrip responses, blunting of respiratory arrhythmia, and inability to increase heart rate in the upright posture (21) . The lessfrequent, hyperadrenergic type is characterized by excessive tachycardia and an excessive response of plasma norepinephrine to upright posture. A decreased blood volume and possibly decreased responsiveness to catecholamine are thought to be of pathophysiologic importance in these patients. TREATMENT The goal of treating hypertension in patients with diabetes is to prevent morbidity and delay mortality. The decision to initiate therapy in individual patients requires physicians to consider at least two factors: the severity of the blood pressure; and the levels of plasma glucose elevation, as well as the presence or absence of other complications or additional risk factors. The effectiveness of antihypertensive drugs in reducing elevated pressure is well established. However, nonpharmacologic approaches are recommended as initial or concomitant interventions and as adjuncts to drug therapy for hypertension.
Nonpharmacologic Therapy
Nonpharmacologic approaches have particular relevance for patients with mild or severe hypertension and NIDDM. NIDDM can often be managed by dietary alterations, exercise, and weight management. These approaches have recently gained recognition for the management of mild hypertension. These nonpharmacologic measures are associated with a freer life-style without the potential side effects and expense associated with the use of insulin, oral glucoselowering agents, or antihypertensive drugs. Oral hypoglycemic drugs may produce side effects and, like insulin, may induce hypoglycemia and thereby foster weight gain or maintenance of an undesirably high body weight. The nonpharmacologic measures of diet, exercise, and weight management not only provide more desirable diabetes management for many individuals but also promote good general health and wellness (2) .
Weight reduction. Clinical trials have demonstrated that weight reduction may lower blood pressure and improve glycemic control. Exercise is encouraged in clinically appropriate cases. The reduction in blood pressure achieved through weight loss is in addition to the effect of a restricted sodium intake. Therefore, for overweight NIDDM patients, weight reduction is the first treatment modality for the management of diabetes or hypertension. Although short-term weight reduction efforts are often effective, the challenge remains to maintain weight goals for long periods (16).
Nutritional considerations. Nutritional considerations for treating individuals with diabetes and hypertension share the common goals of improving glycemic control, normalizing blood pressure, and reducing hyperlipidemia (2, 5) . Moderate dietary sodium restriction to a level of 70-90 meq/day (~2 g sodium or 5 g salt) may reduce elevated blood pressure. Although only certain patients with hypertension may respond, moderate sodium restriction poses no hazard, and it may reduce the degree of potassium wastage associated with diuretic therapy (2) . In the presence of orthostatic hypotension and volume depletion, sodium should not be restricted. The roles of calcium, magnesium, and potassium in the genesis of hypertension are being studied. At this time, it is premature to suggest supplementation of these minerals (16).
Recent reports raise new questions about the desirability of different carbohydrates in the diet (22) . Further research is needed before strict dietary guidelines can be made. However, it appears that -55-60% of the total calorie intake should be from carbohydrates, primarily complex carbohydrates. A diet rich in soluble fibers, including oat bran, legumes, barley, and most fruits and vegetables, is effective in reducing elevated plasma glucose and cholesterol (23) . A diet rich in total dietary fiber may also aid in weight management by promoting satiety at a lower level of calorie and fat intake.
Reduction of dietary saturated fat has been associated with lower arterial blood pressure in some studies (16). There is not enough evidence concerning the effectiveness of such a dietary change to recommend it for hypertension control. However, to minimize the risk of cardiovascular disease, the fat content of the diet should be <30% of total calories, with <10% from saturated fat. Cholesterol intake should not exceed 250-300 mg/day (5).
The recommendations for protein do not differ from recommendations for the general population. Approximately 10-15% of the total calories should be derived from plant protein and lean sources of animal protein. Reduction of protein intake has been used to delay the progress of diabetic nephropathy.
Alcohol. Heavy alcohol consumption (>2 oz ethanol/day) may elevate arterial pressure (24) . (One oz ethanol is contained in 2 oz of 100-proof whiskey, 8 oz of wine, or 24 oz of beer.) By providing unneeded calories, displacing more nutritious items, and, possibly, interfering with the regular routine of diabetes self-management, alcohol can interfere with metabolic and behavioral control of diabetes by either lowering or raising blood glucose, depending on the circumstances. Therefore, alcohol use should be prudent in both diabetic and hypertensive patients.
Exercise. A regular aerobic exercise program is an aid to weight control and may be helpful in reducing blood pressure and blood glucose levels. Health professionals should advise hypertensive and diabetic patients who are initiating an exercise program to do so gradually and after appropriate evaluation (5,16). A medically supervised program, e.g., a cardiac rehabilitation program, may be indicated for many of these patients.
Smoking. Cigarette smoking is a major risk factor for coronary heart disease. It acutely raises blood pressure and aggravates peripheral vascular disease. For these reasons, individuals with diabetes and hypertension who smoke should be apprised of the risks associated with smoking and strongly advised to quit (5).
Pharmacologic Treatment of Hypertension
Because of the additive impact on vascular disease of hypertension in patients with diabetes, patients with blood pressurê 140/90 mmHg should be considered for pharmacologic treatment if a 3-mo trial period of nonpharmacologic treatment of mild hypertension is ineffective in lowering high blood pressure. No data are available to guide physicians as to the optimal level of blood pressure reduction that should be achieved in diabetic patients. Studies of nondiabetic patients have confirmed the beneficial effect of antihypertensive therapy in decreasing the incidence of stroke, renal disease, left ventricular hypertrophy, heart failure, and accelerated hypertension; in some studies, there has been a decrease in coronary heart disease events (2) . Furthermore, insurance statistics have shown that, for any given level of blood pressure, higher blood pressure is associated with increased morbidity and mortality.
It appears that blood pressure should be lowered to 140/ 90 mmHg or lower, if tolerated by the patient. Many diabetic patients have autonomic neuropathy with orthostatic hypotension. Therefore, blood pressure should be determined in the supine position, immediately on standing, after 1 min in the upright position, and after walking, if symptoms are suggestive of hypotension. To prevent excessive orthostatic reduction in blood pressure with antihypertensive therapy, blood pressure in the standing position must be considered as the therapeutic end point.
Short-and long-term adverse effects have been observed with the use of antihypertensive drugs in patients with diabetes. Many such effects can be seen in nondiabetic patients as well. Examples include hypokalemia produced by certain diuretics, as well as hyperglycemia and hyperlipidemia produced by both thiazide diuretics and (3-adrenergic blockers. Other effects are peculiar to patients with both hypertension and diabetes. Examples include severe hyperkalemia with the use of potassium-sparing diuretics in patients with hyporeninemic hypoaldosteronism and delayed recovery from hypoglycemia, with blunting of some hypoglycemic symptoms with P-blockers.
There are many antihypertensive drugs with varying types and degrees of side effects (Tables 2 and 3 ). Therefore, it should be possible to outline therapeutic programs tailored to individual patients with minimal side effects. Occasionally, side effects must be accepted and tolerated in some patients to control hypertension (2,4).
Stepped-care approach to drug therapy. Stepped care is outlined merely as a guide for treating hypertensive diabetic patients who need drug treatment (2,4). Many patients have complications of diabetes and hypertension that indicate individualization of drug therapy. It should be emphasized that flexibility in the use of antihypertensive drugs in this population will lead to better patient adherence to therapy and better control of hypertension.
The stepped-care approach involves starting treatment with small doses of antihypertensive drugs. Generally, better control is achieved by adding a second drug to small or moderate doses of the first drug rather than proceeding to full doses of one drug. Additionally, small doses of two or more drugs with different pharmacologic action usually produce fewer side effects than do full doses of one drug.
Patients with mild hypertension (diastolic blood pressure 90-104 mmHg) should be checked within 1-2 mo after initiation of an antihypertensive drug treatment; if blood pressure is not controlled, another agent can be added. Once control is achieved, these patients can generally be monitored at 3-to 6-mo intervals. Patients with moderate hypertension (diastolic blood pressure 105-115 mmHg) should be checked every 1-2 wk, with adjustments in dosage and additions or subtractions of drugs made at these intervals. Frequently, home monitoring of blood pressure will aid in patient adherence, and adjustments in medications can be made over the telephone. For patients with severe, persistent, or nonresponsive hypertension (e.g., diastolic blood pressure >115 mmHg), referral should be considered.
Serum lipids should be determined before antihypertensive therapy is initiated and again 1-2 mo after initiation of the therapy. If substantial elevations in lipids persist, a change to another step 1 medication (see below) can be considered.
In some patients with initially mild hypertension whose blood pressure can be monitored, a reduction in drug dosage or elimination of the drug may be possible after ^6 mo of treatment. High dosages of a drug should not be stopped abruptly in any patient (2, 4) .
Diabetes with essential hypertension. Step I. Most diabetic patients can receive a thiazide diuretic, fi-adrenergic blocking agent, ACE inhibitor, prazosin, or calcium-channel blocker as initial therapy. Many patients achieve adequate control of hypertension with any one of these agents. There are several considerations in the choice of these drugs.
Thiazide diuretics are widely used and generally effective in treating early hypertension in diabetic patients because of the associated sodium retention. However, thiazides have several potential side effects (2, 4, 17) . Thiazide-induced hy- ||A transdermal preparation is also available. ITo avoid precipitous blood pressure reduction, a very small dose (captopril 6.25-12.5 mg) is used when volume depletion is present or suspected, when a diuretic is in use, or when the patient is in heart failure. The same applies to enalapril with an initial dose of 2.5 mg or less. ' 'This drug is usually given in divided doses three or four times daily. pokalemia, which is dose related (usually at doses >25 mg/ day), may result in decreased insulin secretion, insulin resistance, and impaired control of NIDDM, and it is possible that hyperosmolar nonketotic coma could be precipitated. This impaired glycemic control is rarely observed in patients with IDDM, because they secrete no insulin.
Many diabetic patients have severe coronary heart disease or cardiomyopathy, and many are treated with digitalis preparations. In such patients, even a small decrease in serum potassium may produce ventricular arrhythmias. Serum potassium should be determined before and 1 mo after treatment is initiated with a thiazide diuretic. Hypokalemia can be reversed with potassium supplementation or a potassiumsparing diuretic. Another option is to use the latter with a thiazide diuretic.
Thiazide diuretics elevate levels of low-density and verylow-density lipoprotein cholesterol. Occasionally, cholesterol levels have increased 70 mg/dl or more. The clinical significance of minor elevations in cholesterol with thiazide therapy is unknown, and some feel that their use should not be curtailed because these elevations may be due only to transient metabolic effects that do not persist after 6-12 mo (25) . On the other hand, there are no long-term studies of thiazide diuretics and serum lipids in hypertensive diabetic subjects, but these are needed to resolve the issue. The results of the Lipid Research Clinic's coronary primary prevention trial showed that minor decreases in cholesterol resulted in reduced cardiovascular morbidity and mortality. Therefore, it seems prudent to maintain cholesterol levels as low as possible, especially in diabetic patients where multiple risk factors are often present (26) .
There is the impression that p-adrenergic-receptor-inhibiting agents are contraindicated in patients with diabetes. This is not necessarily true. These drugs are frequently indicated and can be used safely with appropriate precautions, particularly in patients without complications (17) . P-Adrenergic blockers can be especially efficacious in younger diabetic patients who have rapid pulse rates and in diabetic patients with coronary heart disease and angina who do not have heart failure. This provides therapy for hypertension and angina with a single drug (2, 4) .
There are special considerations regarding the use of cardioselective (f^-cardiac receptors) or nonselective (both f^-cardiac receptors and (^-peripheral receptors) (3-blockers in patients with diabetes. Blockade of the (^-receptors by nonselective blockers can produce adverse and potentially serious side effects in diabetic patients. Theoretically, these effects would not occur with cardioselective blockers (e.g., acebutolol, atenolol, and metoprolol). However, even cardioselective blockers can inhibit (3 2 -receptors, especially when these drugs are used in high dosages. Insulin secretion is mediated through stimulation of (^-receptors. Therefore, glucose intolerance in NIDDM can be further impaired by noncardioselective p-blockade.
Aggravation of insulin-induced hypoglycemia can occur with P-adrenergic blockade, particularly in the IDDM patient. Catecholamine stimulation of (^-receptors mediates glycogenolysis in both liver and muscle. This is often the major counterregulatory response to hypoglycemia in IDDM patients who tend to lose their glucagon response. P 2 -Receptors may also inhibit peripheral utilization of glucose. Thus for several reasons, blockage of (^-receptors during hypoglycemia in such patients may significantly delay the restoration of blood glucose to normal levels. Therefore, in insulin-treated patients, especially in those with IDDM who are treated with insulin pumps or multiple daily insulin injections, ^-blockade, particularly with nonselective agents, could result in prolonged periods of hypoglycemia. Also with 3-blockade, symptoms of hypoglycemia may be blunted, but only the symptoms associated with tachycardia, anxiety feelings, and tremor are sometimes diminished (17) . Sweating generally is enhanced. Appropriate counseling of patients regarding these side effects of P-blockers is indicated, especially in IDDM patients treated with insulin. It may be sensible to use cardioselective blockers in preference to nonselective p-blockers in this type of patient.
Both cardioselective and nonselective blockers have been found to elevate triglycerides and reduce HDL-chol in some patients. When this occurs, the use of alternate antihypertensive agents in such patients may be indicated, as well as vigorous treatment of lipid abnormalities.
The a-adrenergic inhibitor prazosin, ACE inhibitors, and calcium-channel blockers may have advantages over thiazide diuretics and f$-adrenergic blockers as a first-line therapy in patients with both diabetes and hypertension. These drugs do not alter insulin secretion and have little or no effect on the control of diabetes. Furthermore, they do not aggravate lipid abnormalities and rarely cause impotence. They have none of the potential adverse effects found with blockade of P 2 -receptors. Unlike direct vasodilators, these drugs have a relatively minor effect on heart rate and cardiac output. They can produce or aggravate orthostatic hypotension. If fluid retention is a problem, concomitant use of diuretics may be needed (2, 4, 17) . However, monitoring is necessary to establish the proper dose, and there may be other subjective side effects.
Initial therapy with other adrenergic inhibitors may be considered in selected patients. Orthostatic hypotension and impotence are often side effects of these drugs. Additionally, these drugs frequently cause sodium retention and usually must be used in conjunction with a diuretic. Centrally acting drugs (i.e., methyldopa and clonidine) may cause sedation, depression, and dry mouth, reducing patient acceptance to a less than optimal level.
Step 2. In patients not responding to the initial drug selected for therapy, a second drug can be added (Table 4) .
Step 2 represents the addition of drugs used in conjunction with those used in step 1 therapy. Effectiveness of these combinations may vary in different patients, and when the first combination does not produce a sufficient blood pressure response, another drug can be substituted. It is rarely necessary to increase the drug dosage to maximum. Often, side effects are increased with higher dosages of these drugs. Small doses of two or three drugs with different mechanisms of action will generally achieve the desired blood pressure reduction without undue side effects. However, full doses can be tried. If step 1 is a diuretic and adequate blood pressure control is not achieved with the addition of a step 2 drug, another adrenergic-inhibiting drug or an ACE inhibitor may be substituted at this point (2,4).
Step 3. If blood pressure remains elevated after step 2 maneuvers, a vasodilator or (3-blocker can be added to the drugs already employed as outlined (Table 4) . Hydralazine dilates peripheral arterioles and has no effect on the capacitance side of the circulation. Therefore, hydralazine may increase cardiac output and heart rate, side effects that may limit its use in patients with coronary heart disease and angina pectoris. Sodium and fluid retention may also occur. It is usually necessary to use hydralazine with a diuretic and a (3-adrenergic blocker (or other adrenergic-inhibiting drug). Minoxidil, a more potent vasodilator, has side effects similar to hydralazine and usually should be used in conjunction with a diuretic and f$-blocker.
Step 4-Diabetic patients who have severe hypertension that is refractory to the previous three steps and who have had surgically curable forms of hypertension excluded may need referral (2, 4) . Guanethidine and guanadrel sulfate, the step 4 drugs, may present a particular problem in diabetic patients due to orthostatic hypotension. TABLE 4 Stepped-care approach to drug treatment in diabetic patients with essential hypertension
Step 1
Begin with a small dose of Step 3 If blood pressure control is not achieved, dose may be increased or add A A vasodilator! vasodilatort
T-L-J °e t a
Step 4 Consider referral for refractory patients A P-blocker* "This class of drugs includes (3-blockers; central adrenergic inhibitors (methyldopa, clonidine, and guanabenz); combined a-and p-adrenergic blocker (labatalol hydrochloride); peripheral adrenergic inhibitors (guanadrel and reserpine); and the ct|-adrenergic blocker prazosin. Reserpine may be the least expensive yet effective drug to use. tHydralazine; in resistant cases, use minoxidil. JUse with caution with calcium-channel blockers.
crease blood pressure may be operative. Because of sodium and fluid retention, step 1 treatment should employ a diuretic (Table 5) . Thiazide diuretics alone are often effective when azotemia is absent or minimal. Loop diuretics in divided doses or metolazone should be used when serum creatinine approaches 2.0 mg/dl. Combining a loop diuretic with metolazone may produce greater blood pressure reduction as the azotemia progresses. In edematous patients, caution must be caken to prevent excessive diuresis with volume depletion and a rising blood urea nitrogen. A trace of edema may be preferable to an edema-free state. Because of the renal disease and the possible accompanying hyporeninemic hypoaldosteronism, potassium-sparing diuretics should not be used, and when ACE inhibitors are used, there should be monitoring of serum potassium and creatinine.
When blood pressure is not adequately controlled with diuretics alone, either a vasodilator or an a-adrenergic inhibitor (or calcium-channel blocker or ACE inhibitor) will counteract the elevated peripheral vascular resistance that accompanies renal hypertension. Caution is suggested in the use of verapamil in patients with heart failure, due to the potential inotropic effect of the drug. Hydralazine is frequently effective, and because autonomic neuropathy is often associated with renal hypertension, hydralazine generally does not increase cardiac output and pulse rate significantly. If it does, a p-adrenergic blocker or other adrenergic inhibitor can be added. Prazosin, which does not alter normal cardiac output, will often achieve the desired antihypertensive effect but may cause or aggravate orthostatic hypotension, which may be present in diabetic patients with early nephropathy associated with neuropathy.
If the hypertension remains inadequately controlled after step 2, a step 3 drug can be added. These drugs will decrease the cardiac output in the azotemic anemic patients with nephropathy. In addition to the previously discussed cautions with the use of P-blockers, consideration should be given to using (3-blockers that are not excreted by the kidney, such as metoprolol, propranolol, and labetalol, which is both an a-and P-blocker. Other (3-blockers may be used with caution, decreasing the dosage as renal disease progresses. Sympathetic inhibitors do not accumulate in renal failure and can be used in usual doses.
Recent data suggest that captopril reduces the proteinuria of diabetic nephropathy (27) . Another recent study has shown that captopril reduces both albuminuria and blood pressure (28) . In a 2-yr study of captopril, the rate of renal function deterioration was reduced significantly, perhaps by its effect on renal hemodynamics (29) . Although hyperkalemia did not present a problem in these studies, the clinician should be aware of the potential, and serum potassium and creatinine levels should be monitored in patients with diabetic nephropathy receiving an ACE inhibitor. Whether these ACE inhibitors, including enalapril (long-acting drug), will become valuable first-line antihypertensive drugs in diabetic nephropathy, as suggested by the studies, remains to be confirmed by long-term randomized trials.
Diabetes with isolated systolic hypertension. Although isolated systolic hypertension has been shown to increase cardiovascular morbidity and mortality, no studies have proven the efficacy of antihypertensive therapy in either diabetic or nondiabetic patients. However, antihypertensive therapy should be prescribed when systolic blood pressure is >160 mmHg in younger patients (to age 60 yr) and should be considered for older patients with an elevated systolic blood TABLE 5 Stepped-care approach to drug treatment in diabetic patients with renal (parenchymal) hypertension
Step 1: If no azotemia, add thiazide diuretic; if azotemia present, add loop diuretic in divided doses and/or metolazone Step 2: Add vasodilator, a,-adrenergic blocker, calcium-channel blocker, or ACE inhibitors' Step 3: Add cardioselective P-adrenergic blocker or other adrenergicinhibiting drug "Monitoring of serum potassium and creatinine is indicated.
TABLE 6
Stepped-care approach to drug treatment in diabetic patients with systolic hypertension
Step 1: Begin with small dose of thiazide diuretic; if blood pressure control is not achieved, increase dose or Step 2: Add small dose of methyldopa, clonidine, (3-blocker, calciumchannel blocker, or ACE inhibitors; if blood pressure control is not achieved, increase dose or Step 3: Add hydralazine, or minoxidil in resistant cases, if a vasodilator was not used in step 2 pressure who do not respond to dietary measures alone. In general, the standing systolic blood pressure should be lowered to 140-160 mmHg, or even <140 mmHg, if this can be achieved without significant side effects. Thiazide diuretics can be used in small doses as step 1 therapy (Table 6) . Initially, patients, especially older patients, should be seen frequently (2-to 4-wk intervals) and observed for orthostatic hypotension, often associated with volume depletion, and decreases in serum potassium.
An adequate reduction in blood pressure can often be achieved with diuretic therapy alone. If not, a step 2 drug can be added. The most efficacious drugs for step 2 therapy in isolated systolic hypertension include methyldopa, clonidine, (3-adrenergic blockers, and calcium-channel blockers. However, these drugs may cause undesired lethargy or orthostatic hypotension, particularly in older patients. The choice of a step 2 drug can be guided by the presence or absence of coronary heart disease with angina. When present, a |3-adrenergic blocker (or calcium-channel blocker) can both lower blood pressure and reduce angina. 3-Blockers should not be used in patients with manifest heart failure.
If systolic blood pressure fails to respond to steps 1 and 2, hydralazine can be added as a step 3 drug. Minoxidil may also be used in resistant cases if a vasodilator has not been used in step 2. Prazosin may produce orthostatic hypotension and should be used cautiously in elderly patients with isolated systolic hypertension (2, 4) .
Supine hypertension with orthostatic hypotension. Supine hypertension with orthostatic hypotension in diabetic patients is associated with autonomic neuropathy and is the most difficult to treat. Occasionally, the upright blood pressure falls to such an extent that patients are unable to assume the upright posture. This may be aggravated by many antihypertensive medications that cause orthostatic hypotension. To reduce symptoms, the goal in therapy is to increase the upright pressure and to lower the supine pressure. To increase the upright pressure, 9-a-fluorohydrocortisone, which produces sodium retention and can increase volume, is prescribed in small doses of 0.05-0.30 mg/day. Elevation of supine blood pressure, precipitation of heart failure, and aggravation of the nephrotic syndrome are potential complications.
Ephedrine (25 mg 1-4 times/day) can be added and is occasionally beneficial. Prostaglandin synthetase inhibitors and nonselective 3-adrenergic-blocking drugs have not proven beneficial. Good elastic hose personally fitted to cover the legs, the thighs, and even the ribs (such as Jobst stockings) are sometimes beneficial.
Both drugs and mechanical maneuvers can help in lowering supine pressure. Hydralazine, a short-acting vasodilator, can be administered in doses of 25-100 mg shortly before retiring. Prazosin, taken before retiring, may also decrease the supine blood pressure but may aggravate orthostatic hypotension if the patient gets out of bed during the night. Mechanically elevating the head of the bed 10 in. will allow gravity to decrease the supine blood pressure (2, 4, 5, 21) . Additional therapeutic considerations can be found in the references.
DRUGS FOR MANAGING HYPERTENSIVE AND DIABETIC EMERGENCIES
The clinical differentiation between a hypertensive and diabetic emergency may be difficult to make. Profound generalized or focal central nervous system dysfunction can be due to severe hypertension, hypoglycemia, or hyperglycemia and ketoacidosis. Physiological stress from one of these conditions or an independent condition (i.e., stroke) can in fact induce a secondary emergency. Therefore, diabetic hypertensive patients may present a combination of these problems, and it is prudent to treat such patients with continuous attention to both the metabolic and hypertensive states.
Hypoglycemic emergencies. Pharmacologically treated diabetic patients who demonstrate an acute change in mental status should be assumed to be experiencing a hypoglycemic episode. After a blood sample is obtained for later laboratory confirmation of the diagnosis, patients should immediately receive rapidly absorbable glucose, e.g., fruit juice, hard candy, low-fat milk, table sugar, or glucose tablets (5-20 g), by mouth, if not obtunded, or by parenteral therapy (20-50 ml i.v. 5% dextrose in water or 1 mg s.c. or i.m. glucagon) if necessary. For hypoglycemia-prone diabetic patients, a family member needs to learn to administer glucagon. The additional glucose load will not adversely affect patients if the underlying problem is not hypoglycemia, whereas the rapid restoration of sufficient blood glucose after hypoglycemia may be lifesaving. Severe hypertension may rarely be provoked by hypoglycemia, especially in those patients receiving nonselective 3-blockers, because the otherwise appropriate counterregulatory secretion of catecholamines may stimulate unopposed a-adrenergic effects (30) .
Hyperglycemic emergencies. Severe hyperglycemia may lead to either ketoacidosis or hyperosmolar nonketotic coma. In either case, the cornerstone of therapy is the correction of dehydration and fluid balance. In addition, modest doses of insulin are usually necessary. Although initial serum potassium levels may be normal or high, the correction of ketoacidosis or hyperosmolar coma may uncover serious potassium depletion that will require supplementation. Patients with both diabetes and hypertension may be more susceptible to severe hyperglycemia and potassium depletion because diuretics and |3-blockers may independently com-promise endogenous insulin secretion, induce dehydration, and disrupt potassium balance. (17) .
Hypertensive emergencies. The pharmacologic treatment of hypertensive emergencies in diabetic patients is not significantly different from that in nondiabetic patients. Treatment is usually administered with parenteral agents, including sodium nitroprusside, hydralazine, labetalol, nitroglycerin, diazoxide, and various adrenergic-blocking agents (2) . Nifedipine can be given sublingually with as much effectiveness as parenterally administered drugs. However, the potential detrimental effects of several agents in producing uncontrolled profound drops in blood pressure or increased cardiac output should be carefully considered in diabetic patients who may have concomitant cardiovascular and cerebrovascular disease. Diazoxide may induce hyperglycemia, and therefore blood glucose should be monitored closely in NIDDM patients receiving this drug.
CONSIDERATIONS IN EDUCATION, CONTROL, AND MAINTENANCE
Failure to maintain a therapeutic regimen designed to keep both plasma glucose and blood pressure levels within recommended limits is a major problem in controlling diabetes and hypertension. Both clinicians (i.e., physicians and, in some settings, nurse practitioners and physician's assistants) and patients need to recognize that long-term maintenance of an effective treatment regimen requires mutual and continuing commitment. Active involvement of both parties in a therapeutic alliance increases the likelihood of a successful outcome. Physicians assume primary responsibility for establishing and adjusting therapeutic recommendations and providing resources and reinforcement to patients learning to adhere to the regimen. Nurses, pharmacists, podiatrists, optometrists, and other health professionals play an important role in the care, education, and support of patients. Registered dietitians should be involved in implementing dietary recommendations. Patients assume primary responsibility for mastering the self-care knowledge and skills necessary for following the treatment plan.
Adherence to long-term antihypertensive therapy is improved when regimens are simplified, clarified, reinforced, and coordinated with diabetes-related tasks. New self-care practices should be introduced in segments according to order of priority. Patients benefit from specific and understandable written instructions regarding diet and exercise plans, medication and common side effects, and strategies for anticipating and coping with high-risk nonadherence situations (31) . By asking patients to state their understanding of the treatment requirements and problems anticipated with adherence, clinicians can clarify the regimen and provide specific help in incorporating the regimen into the patient's daily schedule. * It is particularly important that patients understand the difference between cure and control. Contracts with patients targeting specific health goals and contingent rewards promote adherence, as do special medication packaging, labels, and reminder charts (32) . To encourage regular checkups, office visits should be scheduled to coordinate with those of other health-care providers. Mailed reminders or telephone calls to patients who miss appointments can help resolve attendance problems (33) . Physicians can also support the establishment of self-help groups for patients undergoing therapy (34) . Most important is the education of family members. This has been demonstrated to be effective in improving daily adherence to and self-management of dietary, appointment-keeping, and medication-taking behavior (35) .
Long-term adherence to a treatment regimen is more likely to be achieved if the original plan is reviewed, adjusted, and accepted by physicians and patients together. Periodic assessments should include a review of patient progress toward therapeutic goals and positive reinforcement of patient selfcare achievements. Patients need to be encouraged to ask providers questions or discuss concerns regarding their treatment regimens. Regimen adherence is likely to be enhanced by experiences that increase the patient's sense of self-efficacy or personal mastery (i.e., confidence that he/she can perform the actions necessary to produce the desired outcome). One simple and effective means of achieving this is to attribute successes to the patient's personal positive efforts.
If either patient or clinicians are dissatisfied with progress toward the established goals, a frank discussion may indicate ways to proceed. Clinicians and patient may need to ascertain the patient's mental model of diabetes and hypertension (symptoms associated with each and beliefs regarding causes, courses, and consequences of these 2 conditions) (36) . After delineating gaps between current status and desired outcome, regimens and goals should be reconsidered to determine alternative strategies for achieving the revised goals. Exploring problems with patient knowledge and skills can generate potential solutions.
The inclusion of patient home monitoring of blood glucose and blood pressure in the self-care regimen is an important consideration. Although self-monitoring has not been consistently associated with clinically significant outcomes, it has been related to maintenance of changes (e.g., weight loss) (37) . Self-monitoring may be used to encourage patients to rely on objective test results as the basis for subsequent actions, rather than on less accurate subjective sensations to estimate blood glucose and blood pressure levels. It also provides an objective means of evaluating the effectiveness of interventions designed to keep blood glucose and blood pressure within normal limits. Self-monitoring is a potentially powerful tool for increasing patient understanding of the therapeutic regimen and encouraging active participation in achieving the desired outcomes.
Before recommending self-monitoring, clinicians need to evaluate patients for specific factors that might influence the accuracy or validity of test results (e.g., color blindness, impaired visual acuity, and manual skills). The extent of patient commitment to self-monitoring, availability of family and social support, and financial resources of the patient need to be considered. Testing devices, materials, and procedures should be assessed for convenience, necessary financial investment, skill required to perform the test, and degree of precision of results. Training sessions and refresher courses by health professionals are usually necessary. (For a detailed discussion on self-measurement of blood pressure, see ref. 38 .) The positive effects of self-monitoring on regimen adherence are increased by availability of handy and easy-touse materials for recording results, regular clinician feedback about the record of results, and patient awareness that the measurement procedure and results will be evaluated periodically for accuracy.
Clinicians and patients must agree on control level goals for blood glucose and blood pressure and on the role of a self-monitoring program in achieving that control. Careful consideration and discussion of various monitoring options (e.g., direct measurement of capillary blood glucose or urine testing) and their advantages and disadvantages are helpful. Clinicians should establish a testing schedule with patients and discuss the interpretation, recording, and use of results. Finally, it is important to provide opportunities for patients to practice measurement and recording activities with professional guidance and supervision.
Physicians may find it helpful to coordinate their resources with community, work site, and hospital health-education programs. Such programs can emphasize the importance of long-term control and help long-term monitoring. Patient awareness of blood pressure or blood glucose levels can be increased, thus reinforcing agreement between patient and provider on goal level. Clinicians can clarify the patient's specific regimen and provide guidance in incorporating it into his/her life-style. Opportunities for patients to consult with other health professionals concerning questions or problems with treatment and adherence may also prove helpful (39) . Coordination of community control programs for high blood pressure and diabetes provides a more efficient and effective core approach, because many of the education, behavior, and adherence issues are similar.
The economic burden of chronic disease can be substantial. In many settings, hypertension and diabetes represent the most commonly encountered combination of diseases. Long-term adherence to a carefully prescribed and maintained therapeutic program oriented toward self-and ambulatory care and the judicious use of home care can prevent the need for more expensive inpatient hospital services (40) . Physicians and other health-care professionals need to be aware of the economic issues in providing optimal long-term care in a cost-effective manner.
